The crystalline core of the Front Range, which lies just west of Denver, Colo., contains many hornblende-bearing gneisses and syntectonically intrusive hornblende-bearing rocks, all Precambrian in age. Bulk rocks and the minerals hornblende and biotite separated from them were studied to compare the metamorphic effects on hornblende between rock types produced by a sillimanite-grade regional metamorphism. Hornblende, inasmuch as it occurred in all rocks chosen, was studied in the greatest detail to relate its physical and chemical properties to· the metamorphism. Particular attention was given ·to hornblende and biotite in the intrusive Boulder Creek Granodiorite and associated rocks emplaced near the end of the major regional metamorphism in order to compare their chemical behavior with the hornblendes from· adjacent Precambrian gneisses.
SAMPLE PREPARATION AND LABORATORY STUDIES
Chemical analyses were made in the Denver and Washington laboratories of the U.S. Geological Survey; analysts are credited in the appropriate tables in text. Sta~dard rock analyses were made following 1 2 HORNBLENDES FROM HIGH-GRADE METAMORPHISM, COLO. the procedures described by Peck (1964) ; rapid rock analyses and colorimetric and atomic-absorption studies were done following the procedures outlined by Shapiro and Brannock (1962) . Spectrographic analyses are arbitrarily reported to the nearest number in the series 1, 0.7, 0.2, 0.15, and 0.1, whose numbers represent approximate midpoints of group data on a geometric scale. Precision of a reported value is approximately plus or minus one bracket at 68-percent confidence or two brackets at 95-percent confidence.
Pure mineral separates of hornblende and biotite were obtained by use of ultrasonic cleaner, heavy liquids (bromoform and methylene iodide), and a Frantz isodynamic magnetic separator. Purity of some separates also necessitated the use of centrifuge-separation procedures similar to those described by Schoen and Lee (1964) . All samples, by binocular microscope, contained no more than 1 percent impurities.
Optical determinations were made on single grains and studied by modified spindle-stage procedures described by Wilcox (19159) and Wilcox and Izett (1968) . Refractive indices were determined using the focal-masking techniques described in detail by Cherkasov (1955a, b; 1957) . For each sample numerous grains were first observed in an index oil close to /1, and the variability of index was observed. Indices were then run on an average of three grains for each of the samples. The range in indices for samples is due to zoning.
X-ray powder-diffraction data were obtained by using a Norelco Xray diffractometer with Ni-filtered CuKa, radiation. Scans were made at 0.25° per minute in the range 8°-72°(20) with a chart speed of 1 inch per minute. An internal standard of CaF2 was added to each sample and thoroughly mixed. Both an aluminum-mount holder and a collodion-membrane mount (Gude and Hathaway, 1961) were used for some of the runs, however, because most samples contained ample hornblende and because a sharper pattern resulted with the aluminum mount, most hornblendes were run in this way. The holders were carefully packed to reduce preferred orientation of grains. Observed interplanar (d) spacings for each sample were processed through the "least-squares unit-cell refinement" program on an IBM-360-65 computer to determine the major cell parameters (Evans and others, 1963) . Mineral densities were measured by two different methods. Samples 2 and 16 were measured by sink-float in heavy liquids, range of accuracy ±0.002; the other samples were measured by taking a weighed 5-gram sample, heating it in water to drive off the absorbed air, and then weighing the sample again, range of accuracy, ±0.01.
GEOLOGIC SETTING
Precambrian metamorphic rocks form the major part of the crystalline core of the Front Range, where they occur as a thick layered GEOLOGIC SETTING 3 succession that is, in part, both migmatitic and pegmatitic. The most common and widespread layered rocks in the area are biotite gneisses ( fig. 1) . lnterlayered with the biotite gneiss is a thick leucocratic gneiss unit, granitic in appearance, that is referred to as microline gneiss. Hornblende gneiss and amphibolite, a third unit, is generally well foliated and interlayered conformably with biotite gneiss and microcline gneiss units. Hornblende -gneiss, biotite gneiss, and microcline gneiss are all finely interlayered with lesser units, including those of calc-silicate gneiss, garnet-quartz gneiss, and quartzite. Amphibolite, as small concordant lenses, is associated with _all major rock units. It is more massive than hornblende gneiss, generally finer grained, and may have a well-developed foliation and lineation.
The intrusive rocks of the area are Precambrian and CretaceousTertiary in age. Intrusives of Precambrian age are dominantly of two groups: (1) granodiorite, from the Boulder Creek Granodiorite (Boulder Creek Granite of Lovering and Goddard, 1950, pl. 2) , and (2) biotitemuscovite-quartz monzonite which belongs to either Silver Plume Quartz Monzonite (Silver Plume Granite of Ball, 1906, p. 383) or quartz monzonite which is intimately associated with the Boulder Creek Granodiorite. Intrusive Precambrian rocks not named and in part associated with the Boulder Creek Granodiorite include quartz diorite, diorite, hornblende, and some gabbro. These rocks were metamorphosed to varying degrees during a 1,450-to 1,740-m.y. (million year) major regional metamorphism (Hedge and others, 1967) . Intrusives not affected by the regional metamorphism and of no further concern to this report include Silver Plume Quartz Monzonite, 1,450 m.y. in age, and numerous Cretaceous-Tertiary igneous rocks that cut diagonally across the northern part of the study area.
The framework of the area developed during a series of regional metamorphic events, all Precambrian in age. At least three periods of deformation have been recognized. The first two periods of deformation were accompanied by a pervasive high degree of metamorphism. The third period was largely cataclastic in character and local in extent and was superimposed on the two earlier plastic deformations. Migmatization and emplacement of the Boulder Creek Granodiorite took place late in the first period of deformation and continued into the second period, as indicated by forcible syntectonic emplacement of these rocks. Some quartz diorite, diorite, and hornblendite are intrusive in Boulder Creek Granodiorite and, in turn, are invaded by Silver Plume Quartz Monzonite; thus, an intermediate position in the intrusive sequence is reasonably well established for at least some of these mafic rocks.
Metamorphism throughout the area does not appear to have been particularly uniform but, in general, was of amphibolite to lowgranulite grade. The highest grade of metamorphism appears to have been centered in the Central City-Morrison areas where muscovite, sillimanite, and potassic feldspar appear to be in equilibrium (Gable and Sims, 1969, p. 3) in rocks of appropriate composition. At Ralston Buttes the lack of microline associated with sillimanite and muscovite may be due to lower grade or to rock composition. Sheridan, Maxwell, and Albee (1967, p. 37-38) believed that it is due to a lesser intensity of metamorphism.
HOST-ROCK DESCRIPTION

GENERAL CHARACTER
Hornblendes were separated from mafic layers in microcline gneiss, hornblende gneiss, and in amphibolite, intrusive Boulder Creek Granodiorite, hornblende diorite, and hornblendite, tables 1-3.
Microline gneiss layers contain only sparse, widely scattered, hornblende-bearing lenses (sample 10, table 3), some of which are mafic enough to be called amphibolite. These amphibolite lenses are interlayered with the gneiss generally near or adjacent to the contact of microcline gneiss with biotite gneiss. Microcline gneiss with singular scattered hornblende crystals occurs adjacent to nearly all hornblendebearing gneiss contacts, whether the contacts are gradational or sharply defined. The hornblendes from microcline gneiss form ragged, generally subhedral grains, intergrown with or partly altered to biotite.
Hornblende gneiss (samples 1-7, table 2) is a fine-to mediumgrained, nearly equigranular rock that is weakly to strongly foliated and possesses good mineral alinement, primarily of hornblende. The gneiss consists predominantly of hornblende and plagioclase and widely varying amounts of quartz, biotite, and pyroxene. Hornblende-plagioclase biotite and hornblende-plagioclase-pyroxene gneiss (samples 1, 5, 6, table 2) are common variants in hornblende gneiss. Interlayered within the hornblende-plagioclase gneiss are lenses of amphibolite, biotite gneiss, microcline gneiss, calc-silicate gneiss, and lesser amounts of quartz gneiss. Amphibolites in the hornblende gneiss unit are represented by samples 2, 3, 4, 7, and 8, table 2.
Hornblendes from the hornblende gneiss unit are 0.2-0.6 mm in size, rarely twinned, and only occasionally zoned. Biotite, where present, is subordinate in size to hornblende and in many places is interstitial. Plagioclase, the second most abundant mineral, ranges in composition from oligoclase to calcic andesine. Quartz is generally subordinate in size to hornblende and feldspar and is xenoblastic. It becomes elongated in strongly foliated rocks and shows a slight tendency to be segregated in the lighter layers.
Microcline gneiss and hornblende gneiss are believed to have been mostly of sedimentary origin, but some may have been of volcanic ongm. The interlayered biotite gneisses are considered to be of sedimentary origin. Fine interlayering and conformity of the biotite, calc-silicate, quartzite, and hornblende gneiss, with no crosscutting relationships, lend support to all being of predominantly sedimentary origin.
Boulder Creek Granodiorite ranges in composition from mafic quartz diorite to quartz monzonite, but its average composition is granodiorite (samples 12-16, table 2). The rock is medium to very coarse grained with a predominantly hypautomorphic-granular texture. Leucocratic minerals are as much as 4 em long. Biotite, hornblende, and iron oxides commonly cluster together, and accessory minerals, sphene, allanite, epidote, and some apatite are generally associated with them. Hornblende forms euhedral to anhedral crystals, as much as 1.5 em long, which may be embayed by biotite. Rare local hornblende crystals have altered pyroxene centers. Traces of iron oxides occur along fractures and grain boundaries of hornblende. Plagioclase is oligoclaseandesine; potassic feldspar is microcline.
Hornblendite (samples 19, 20, tables 2, 4) occurs in intrusive pods and lenses; it is generally fine to medium grained, weakly foliated to nonfoliated, and equigranular and consists mainly of hornblende and subordinate plagioclase. The hornblende is in euhedral to subhedral grains. In sample 19 anhedral pyroxene is subordinate in size to hornblende and is partly altered to chlorite. The hornblende in sample 20 is of two generations; the larger crystals display a clustering of opaque oxides along the cleavage. The centers of a few of these crystals have colorless patches which are probably remnants of pyroxene. The second-generation hornblende crystals are subhedral, are smaller in size, and have no inclusions.
Hornblende diorite, a medium-grained to rarely coarse grained intrusive rock, is found in elongated lenses as much as 2 km long and less than 1 km wide, although most lenses are considerably smaller. The diorite is generally massive and equigranular; however, biotitic phases are somewhat foliated but generally lack the strong foliation that characterizes the amphibolites of the area. Hornblende and plagioclase with variable amounts of pyroxene and biotite make up the bulk of the rock (table 2, samples 17, 18). The hornblende is euhedral to anhedral, nearly free of inclusions, and equigranular with the plagioclase. Locally, hornblende alters to epidote. The plagioclase is andesine to labradorite and well twinned. The iron oxides are magnetite and hematite that occur in single and intergrown crystals.
CHEMICAL COMPOSITION
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HORNBLENDE CHEMICAL COMPOSITION OF HORNBLENDE
Chemical analyses of 20 hornblende samples are presented in table 4; only the analysis of sample 9 has been published earlier (Gable and Sims, 1969, p. 54) . Structural formulas were calculated on the basis of 24 (0, OH, F, Cl), using a computer program and assuming a structural formula of Ao-IXzYsZsOzz. The current trend is to calculate hornblende formulas on the basis of 23 oxygens, but 24 was used here inasmuch as Phillips (1963, p. 701) stated that a possible deficiency in hydrogen in OH sites can be overlooked if the anhydrous method of calculating a formula is followed. Although Dodge, Papike, and Mays (1968, p. 400) found that hydrogen deficiency is unimportant in the calculation of a structural formula for common hornblende, they did find that specific gravities calculated on "conventionally" analyzed hornblendes, on the basis of 24 oxygens, agreed better with observed specific gravities. Three of the hornblendes in table 4 have less than 1.70 weight percent H20, but these hornblendes were still computed on the basis of 24 oxygens because the hydrogen deficiency appeared real for the hornblendes from the igneous rocks in comparison with those from metamorphic gneisses (table 4) .
All hornblendes are calcic and plot between the two end-member series tremolite-ferrotremolite and pargasite + magnesiohastingsite-ferropargasite + hastingsite ( fig. 2 ).
Major element variation between hornblendes of the various rock types of table 4 is shown in figure 3 . CaO, Na20 and K20 vary little in hornblendes, whereas Fe203 is somewhat more variable, with the 
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decrease, however the fluctuations in Alz03 are not as great as in the oxides FeO and MgO. Trace elements in hornblendes (table 4) vary in relation to rock type. Barium, chromium, nickel, strontium, and vanadium are consistently high in all hornblendes. Nickel and niobium are more abundant in the igneous hornblendes with one exception-sample 15. In sample 9, the trace-element content is more characteristic of the igneous hornblendes. Lanthanum and lead found in igneous hornblendes occur in sample 9 as well.
In a perusal of the hornblende mineral formulas (table 4) certain characteristics become evident:
"Z" site. -The amount of tetrahedrally coordinated aluminum varies widely due to the high silica content of some hornblendes. In the igneous hornblendes alumina values for granodiorite range from 1.38 to 1.54; in diorite, from 1.23 to 1.42; and in homblendite, from 0.59 to 0.88. Low alumina-high silica values in the hornblendites are probably due to the presence of the end-member tremolite. In the metamorphic gneisses, alumina values range from 1.04 to 1.80. Samples 9, 19, and 20, because of their low iron and alumina and high silica and magnesia content (table 4), probably belong to the "rare" group described by Dodge, Papike.,and Mays (1968, p. 407) and Nockolds (1941, p. 457) . Nockolds proposed that the hornblende may have formed at the expense of preexisting hornblende and pyroxene by the action of later fluids.
"Y" site. -The magnesium and iron cation substitutions in the octahedral site are gross replacements of Fe+ 2 by Mg ( fig. 4) an Fe of 1.5; most igneous hornblendes plot at Mg 2.0 or above and below an Fe+ 2 of 1.5. Titanium and manganese influences on the hornblende structure are not readily understood, but [here] titanium in the unit cell in hornblende from gneiss appears to be dependent on the mineral assemblage and is lower in the hornblendes associated with biotite and sphene.
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"X" site. -In all samples but No. 9, calcium plus sodium equals two positions in the hornblende structure. In sample 9, there is excess hydrogen and, because the "A" site, as believed by some, can accommodate hydrogen ions (two hydrogen ions are counted as one in calculating the cation numbers), the excess hydrogen values are probably in the "A" site as H30+ (hydronium ion) (?) thus balancing the "X" position (2) and the OH, F, Cl position.
OH, F, Cl sites.-There are two hydroxyl positions and, according to Phillips (1963, p. 701) , if there are not enough hydrogen atoms in the OH position and if there is no error in the water analysis, the balance is made up with oxygen atoms. Ferric ions equal to this number of oxygens are required in the "Y" site to balance the substitution (accomplished by the oxidation of ferrous ions to ferric iron). In fig. 5D ), shows a well-defined correlation which is similar to the magnesium-iron substitution observed by Binns (1965, p. 314) . The scatter of points in figure 5D indicates the importance of other ionic substitutions. All but 16 HORNBLENDES FROM HIGH-GRADE METAMORPHISM, COLO. two plots on each of the graphs in figure 5 fall into either an igneous or a metamorphic field. Sample 9, an amphibolite, generally plots in the ig- neous field while sample 1 plots in both the igneous and the metamorphic fields. Pleochroism was observed in oils and recorded in table 5. The green or blue-green color of hornblende in metamorphic gneiss is commonly referred to as indicative of high-grade metamorphism, and the browner colors are reserved for the highest grades of metamorphism. With rising temperatures, titanium (Engel and Engel, 1962) and, to a certain extent, ferric iron (Henderson, 1968) produce the browner shades. In the rocks of this area many of the hornblendes must share titanium with biotite and sphene; therefore, color as a temperature indicator must be used with caution. Correlation of birefringence, 2V, and extinction angles in hornblende with rock types is not possible. These physical properties vary between homblendes with no particular regard to composition.
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Optical properties
Indices a' -------------- Unit-cell parameters (table 5) correlate in a general way with the chemistry of the hornblendes. The interrelationship of iron and magnesium is broadly reflected in the parameters a, A and cell volume (A composition is readily indicated. The hornblendes do have a similar crystal structure relationship to four of the six hornblendes investigated by Heritsch, Paulitsch, and Walitzi (1957) , Heritsch, Bertoldi, and Walitzi (1959) , Heritsch and Kahler (1959) , and Heritsch and Reichert (1959) and tabulated by Deer, Howie, and Zussman (1963, p. 267) .
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Densities, both measured and calculated (table 5) , agree fairly well and are within 0.02 of one another. The lowest hornblende densities belong to those in the hornblendites and the highest to those in the hornblende gneiss. Densities are a crude measurement of the substitution of Mg for Fe+ 2 in hornblende.
TEXTURAL RELATIONS OF HORNBLENDE
Textural relations between minerals can be related more or less to the environment in which the minerals developed. In metamorphic rocks, growth of hornblende and biotite is related to the major Precambrian thermal event, and, in samples containing both biotite and hornblende, the hornblende is clearly older or the same age as the biotite.
In hornblende gneiss, biotite is interstitial or forms overgrowths on hornblende. Iron oxides and (or) sphene ma.y occur along the grain boundaries or fracturesin hornblende (samples 2, 7), especially where biotite is sparse or not observed at all. In samples 1 and 6, hornblende has been partly replaced by pyroxene, and wide reaction zones occur in the hornblende at the contact with pyroxene.
Hornblende from Boulder Creek Granodiorite, diorite, and hornblendite, where modified, contain new biotite as overgrowths on hornblende or along fractures or cleavage in hornblende. Sphene overgrowths on magnetite in these sam.e rocks are common and appear, also, to be related to the regional metamorphism. In general the hornblende in the diorite and hornblendite (samples [17] [18] [19] [20] shows the least replacement. In sample 18 the biotite and hornblende are in hemihedral to euhedral crystals, free of inclusions; almost no reaction between mafic minerals is observed in thin section; Exsolution is finely developed in the hornblendes from sample 9 where oriented exsolution lamallae (on 100) is observed. These lamallae are best observed in grains immersed in oil; they are extremely narrow and appear to be exsolved cummingtonite. Binns (1965, p. 314) recognized exsolved cummingtonite in hornblendes where the "Y" group ofcations ranges from 5.15 to 5.30 andcalcium is less than 1.75 cations per formula unit; sample 9 lies within this range. With exsolution cun:imingtonite in hornblendes of sample 9, it seems reasonable that the systematic anomalous position of sample 9 in every plot of chemical and optical properties may be due to a compositional change in hornblende and, therefore, the hornblende is related to an igneous origin rather than a metamorphic one. e, hornblende gneiss and amphibolite; 0, microcline gneiss.
PETROLOGY
Previous workers have demonstrated that the bulk chemistry of the host rocks, the mineral assemblage, and the metamorphic history are important factors in determining the composition of hornblende. Many of the hornblende-bearing rocks of this report have been subjected in varying degrees to a regional metamorphism; therefore, it is understandable that the major-element variation in hornblende should cluster ( fig. 6 ). The homblendes from the Boulder Creek Granodiorite and associated rocks and the diorite plot much closer to the main cluster of metamorphic hornblendes than do those from homblendite. This may be due to composition, but habit of the hornblende and freshness of rock indicate that the homblendites were intrusive at a somewhat later time and were not subjected to the brunt of the main regional metamorphism
CHEMICAL VARIATIONS IN HORNBLENDE IN RELATION TO HOST-ROCK COMPOSITION, MINERALOGY, AND METAMORPHISM CHEMICAL VARIATIONS IN RELATION TO HOST-ROCK COMPOSITION
Compositions of Front Range hornblendes are related more to the mineral assemblage than to the bulk composition of the host rock. The oxides in hornblendes, however, have a tendency to mimic bulk compositions of host rocks in which biotite is lacking from the assemblage. These relations are shown diagrammatically in figure 7. Figure 7 shows the modal percentage of the minerals in the hornblende assemblages and the percentage of the oxides Si02, FeO (total iron), MgO, CaO, and Ab03 in both the hornblende and its source rock. The interrelationship of the mineral assemblage and host-rock composition is clearly evident for Si02, Ab0 3 , and CaO in the respective minerals quartz, plagioclase, calcite, biotite, and pyroxene. Modal quartz and hornblende reflect the fluctuations of Si02 very well; Ab03 and CaO, however, reflect a partitioning of these oxides between mineral pairs other than pairs including hornblende. Ah03 content is fairly constant in hornblende; therefore, fluctuations in Ab03 in host rock are expressed generally in the mineral pair plagioclase-biotite. As the percentage of hornblende decreases, the Ab03 enters biotite and some plagioclase. This is typical of the Boulder Creek Granodiorite. No relationship exists between Ab03 and modal quartz or between Ah03 and normative quartz in metamorphic rocks, but in Boulder Creek Granodiorite, as normative quartz increases, so does Ab03. CaO is constant in hornblende, and increased amounts of CaO in the host rock produce some pyroxene; with a decrease in hornblende and plagioclase, calcite develops. Hornblende percentages drop drastically with a decrease in CaO and, at the same time, while there is an increase in plagioclase due to excess Ab03, the anorthite content of plagioclase decreases. Interrelation between the iron-magnesium minerals and host rock is not easily visualized from figure 7; this is probably due to the presence of the two iron-magnesium minerals hornblende and biotite in the mineral assemblage. In figure 10 a near 1:1 relationship exists between FeO and MgO in biotite and hornblende, indicating that biotite and hornblende compositions should be consiqered together in relating mineral compositions to hostrock compositions.
Na/Na+Ca values in host rock and hornblende ( fig. S) also strongly indicate that the mineral assemblage determines composition of hornblende; anorthite content in plagioclase shows a straight-line relationship in figure SA for hornblende which is not evident in figure   SB for host rock. Metamorphic hornblendes tend to reflect higher anorthite ( fig. SA ) values except for sample 17. In this sample the biotite content is considerable, and the plagioclase has absorbed the excess Ca normally absorbed by hornblende. In figure SB the Na/Na+Ca values clearly divide into two provinces: (1) granodiorite (samples 12-16) and (2) the more mafic rocks (samples 1-S, 17, 1S). The distribution of tetrahedral aluminum in hornblende (table 4) is fairly well ordered except in hornblende samples 10-12 but these are not complete analyses and AlzOa may be in error. Titanium appears to be evenly distributed in the biotite and hornblende of the Boulder Creek Granodiorite only. The concentration of calcium in hornblende is high and reasonably consistent (table 4; fig. 8 ) and the small variations should have no appreciable effect on the iron-magnesium distribution. Other than manganese, magnesium, and iron, which will be discussed in more detail, none of the other elements are considered here, as they show no significant trends.
In those samples for which analyses for both minerals have been made, manganese is fairly well distributed between biotite and : Number of ions on the basis of 24 oxygen& (0, OH, F, Cl) ::t: 
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HORNBLENDES FROM HIGH-GRADE METAMORPHISM, COLO. The thermal environment in which hornblende developed is in general characteristic of the sillimanitic-potassic feldspar grade of regional metamorphism. This metamorphism is related principally to the major deformation, and because emplacement of the Boulder Creek Granodiorite, occurred late in ·the major.regional metamorphic event, hornblendes from the granodiorite were modified in part .by: ,the metamorphism. Hornblendes least affected by metamorphism are those from some of the diorites and hornblendites. In some outcrops, One control of metamorphism is the degree. of oxidation that has occurred in a host rock and its contained amphibole (table 7; figs. 11, 12) . Plots of Mg (Mg/Mg+ Fe+ 2 ) in hornblende versus degree of oxidation (Fe+ 3 (Fe+ 3 + Fe+ 2 ) in rock indicate that, with increasing Mg in hornblende from metamorphic rocks, the Fe+ 3 , or the oxidation degree, in host rock increases (Bard, 1970, p. 127) , but Front Range metamorphic hornblendes separate into two areas, possibly due to different degrees of metamorphism. In figure 11 , a break at 0.60 cations of Mg/Mg+ Fe+ 2 places all the metamorphic hornblendes except sample 5 below 0.60 cations and all igneous homblendes above this value. With increasing Mg in igneous homblendes, there is erratic distribution of Fe+ 3 in host rock, indicating Mg in hornblende is not completely controlled by the Fe+ 3 content of host rock, but there is a closer correlation between Fe+ 3 and Mg in hornblende and host rog_k within igneous rock types.
- Bard (1970) In figure 12 , igneous hornblendes have a definite trend while metamorphic hornblendes cluster as to areas (fig. 11) ; samples 1, 6-8, Morrison, Central City, Nederland; and 2-4, the Ralston Buttes area. The orderly relationship along the igneous trend (fig 12) is-not displayed by the metamorphic hornblendes; with increasing Fe+ 3 in igneous hornblendes, there is a regular decrease in Mg, and the ratios Fe total /Fe total + Mg for these horriblendes decrease. The trend is somewhat similartQ that .observeqbyCzamanske and Wones (1970) for hornblende Fe/Fe+ Mg ratios to monitor oxidation-reduction reactions in monzonite, .granodiorite, .. arici granite during magmatic processes. This trend-in the Boulder Creek hornblendes appears relic and is indicative of their igneous origin. This trend also indicates that under regional metamorphic conditions the Boulder Creek Granodiorite and
